In an animal model of aging, the accelerated senescenceprone (SAM-P/1) mouse, we found the deposition of lipofuscin and elastic fibers in the skin of 12-month-old animals of this strain. The deposition was most remarkable in the dorsal neck and head skin. Taking into account our previous data that the lipid peroxide level in the dorsal neck and head skin significantly increases prior to the appearance of the age-related signs in these areas of the skin, we propose that the increased lipid peroxides would cause the deposition of not only lipofuscin but also elastic fibers in the skin of SAM-P/1 mouse.
Among many phenomena relating to aging, the most remarkable ones are the changes in the skin such as wrinkles, pigmentations etc.
We have been regarding lipid peroxides increased in the body as a direct cause of aging, and demonstrated, in our previous study [1] using the accelerated senescence-prone (SAM-P/ 1) mice, that lipid peroxides in the skin of these animals increase with age and that the increase occurs prior to the development of the age-related signs in the skin. We especially noted that the increase in lipid peroxide levels in the skin prior to the morphological changes was marked in the dorsal neck and head skin where the changes are most evident. Regarding histological observations on the skin of SAM-P/1 mice, systemic deposition of amyloid was already reported [2] . However, no other changes have ever been documented. The present investigation was undertaken to reveal microscopically *To whom correspondence should be addressed .
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any possible change in their skin due presumably to the increased lipid peroxides.
MATERIALS AND METHODS
Animals. SAM-P/1 and the accelerated senescence-resistant (SAM-R/1) mice developed by Takeda et al. [3] were inbred and maintained in our institute under the following conditions: The temperature in the animal room was kept at 24°C with a 12-hour cycle of light emitted by an FL-405 • W/N lamp (Matsushita Electric Ind. Co., Ltd., Osaka). Light from this lamp contains only a small amount of ultraviolet ray A (0.02 mW/cm2). The animals were given laboratory chow (CE-2, Clea Japan, Tokyo) and tap water ad libitum. Five male mice in each of 3 age groups (3-4, 5-6, and 12-14 months old) examined were the same animals reported in our previous paper [1] .
Skin tissues were excised from the regions of the head, dorsal neck, and hip. Specimens were fixed in buffered formalin and stained by the periodic acid shill (PAS) reaction and the Schmorl method for lipofuscin, and by the Elastica-Van Gieson method for elastic fibers.
For electron microscopy, specimens were fixed in 2% paraformaldehyde with 2.5% glutaraldehyde in 0.1 M cacodylate-HC1 buffer (pH 7.4) and postfixed in 1 % osmium tetroxide. After dehydration and embedding in Epon 812, sections were stained with tannic acid-uranyl acetate solution for 15 min and with Reynolds' lead citrate for 8 min [4] . They were then examined with a Hitachi H-600 electron microscope.
RESULTS

AND DISCUSSION
Deposition of lipofuscin in the skin Since lipofuscin has long been recognized to be increased with age in various tissues and organs, we investigated the possible deposition of this pigment in the skin of SAM-P/ l mice. In the skin of the animals of 12-14 months of age, deposits of lipofuscin granules were clearly observed by light microscopy. Figure 1 indicates light micrographs of dorsal neck skin of a 12-month-old male SAM-P/1 mouse. Upon staining with PAS, red granules were seen in the cytoplasm of fibroblasts in the dermis (Fig. 1A) . After staining by the Schmorl method, dark-blue granules were observed (Fig. 1B) . These observations indicate the deposition of a considerable amount of lipofuscin in the dermal fibroblasts of these animals. Figure 2 is an electron micrograph of a dermal fibroblast in the dorsal neck skin of a 12-month-old SAM-P/1 mouse. Lipofuscin granules of various size and shape were observed in the lysosomes having a single membrane. Many small dense bodies and large lucent vacuoles were also seen there. Table 1 summarizes the incidence of lipofuscin deposition in three regions of the skin of SAM-P/1 and SAM-R/ l mice of three different age categories. In both SAM-P/I and SAM-R/I mice of 3-4 and 5-6 months of age, lipofuscin deposition could not be observed in any region of the skin. At 12-14 months of age, however, lipofuscin granules were found in the skin of 4 out of 5 SAM-P/1 mice in the areas of the head and dorsal neck. In SAM-R/l mice of 12-14 months of age, only one mouse had lipofuscin deposits in the head skin. No lipofuscin deposits were found in the skin of the hip region in either SAM-P/I or SAM-R/l mice. 
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As reported in our previous paper [1] , lipid peroxide levels in the skin of SAM-P/ l mice markedly increase at 3-4 months of age. In the present study, we found evidence of a remarkable deposition of lipofuscin in the 12-14-month-old group. These facts indicate that the increase in lipid peroxide levels in the skin obviously preceded the deposition of lipofuscin in the dermis. It is known that lipofuscin granules accumulate with advancement of age and that lipofuscin is formed by lipid peroxidation of polyunsaturated fatty acids of subcellular membranes [5] . The present observation that marked lipofuscin deposits were detected in the dermis of SAM-P/l mice but not in that of SAM-R/1 mice strongly suggests the occurrence of lipid peroxidation damage in SAM-P/1 mice.
Deposition of elastic fibers in the skin
As another characteristic change in the skin of SAM-P/1 mice, we found deposits of elastic fibers in the connective tissue of the skin. Figure 3 shows light micrographs of the dorsal neck skin of 12-month-old SAM-P/1 and SAM-R/1 mice. In the skin of 12-month-old SAM-R/1 mice, histological features of the skin tissues showed a regular arrangement of thin elastic fibers. They are indistinguishable from those of the respective region of normal mice (data not shown). On the contrary, we observed many shrunken and tangled elastic fibers, which were Table   1 . Deposition of lipofuscin in the skin of SAM-P/1 and SAM-R/ l mice of three different age categories. stained dark-purple by the Elastica-Van Gieson method, in the middle and upper dermis of 12-month-old SAM-P/1 mice. These morphological features indicate the deposition of elastic fibers of decreased elasticity. Elastic fibers in the dermis were examined by electron microscopy after staining with tannic acid. Figure 4 shows an electron micrograph of dermis in the dorsal neck skin of a 12-month-old SAM-P/1 mouse. Elastic fibers were seen to form amorphous matrices of high electron density. A number of microfibrils were distributed around the periphery of these amorphous matrices. These features again are evidence of an increased deposition of elastic fibers.
The incidence of SAM-P/1 and SAM-R/1 mice having different degrees of elastic fiber deposition is shown in Table 2 . Among 5 SAM-P/1 mice in the 12-14-month age category, 4 mice showed deposition of elastic fibers in their dorsal neck skin. Although 2 SAM-R/1 mice showed slight deposition of elastic fibers in both of 5-6-month age and 12-14-month age categories, the degree of elastic fiber deposition in SAM-P/1 mice was evidently more severe than that in SAM-R/1 mice. In the skin of the hip region, elastic fiber deposition was not evident in either strain of any age category.
It was reported that repeated ultraviolet radiation induced the deposition of elastic fibers in mice [6] [7] [8] [9] , rats [10] , and dogs [11] . It was also reported that infrared radiation intensified such ultraviolet-induced dermal damage [12] . At present, the mechanism of deposition of elastic fibers is not clear. However, taking into account the fact that ultraviolet radiation increases free radicals and lipid peroxidation products [13, 14] , we propose that lipid peroxides may play a role in the increased deposition of elastic fibers. In support of this view, we observed that the occurrence of elastic fiber deposition is more remarkable in SAM-P/1 mice than in SAM-R/ l mice. The deposition of elastic fibers in the dermis of SAM-P/1 mice was markedly observed in the skin of the dorsal neck and head, in which areas lipid peroxide levels were significantly increased, but not in the hip skin, where lipid peroxide level was lower than the levels in the dorsal neck and head skin.
These results reported in the present paper imply that deposition of both lipofuscin and elastic fibers in the skin is provoked by lipid peroxides increased in the skin. Deposition of lipofuscin would be partly responsible to the age-related pigmentation in the skin and that of elastic fibers to the decreased elasticity of the skin. Thus, age-related macroscopic changes of the skin, such as the pigmentation and wrinkles, would follow. Accordingly the signs observed in the skin with age would be caused, at least partly, by the increased lipid peroxides in situ.
